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AUDIO PROCESSING APPARATUS AND
METHOD OF MOBILE DEVICE

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application claims the benefit of Korean Patent Appli-
cation No. 10-2008-0104001, filed on Oct. 23, 2008, 1in the
Korean Intellectual Property Office, the disclosure of which 1s
incorporated herein by reference.

BACKGROUND

1. Field

Example embodiments of the following description relate
to an audio processing apparatus and method that may simul-
taneously provide a voice call service and an audio content
service.

2. Description of the Related Art

Mobile devices, such as a cellular phone with a voice call
function, may provide a variety of functions for a user’s
convenience. For example, a cellular phone may provide a
user with a multimedia service such as music, video, broad-
casting contents, as well as a voice call service.

Users wish to be provided with a voice call service and a
multimedia service simultaneously. For example, when a
voice call 1s recerved while being provided with broadcasting
contents through a cellular phone, a user desires to use a voice
call service without interruption of the broadcasting contents.
Accordingly, a cellular phone 1s required to have a multitask-
ing function capable of simultaneously providing a voice call
and broadcasting contents.

However, because a cellular phone 1s expected to provide a
high-quality voice call service, the quality of voice call ser-
vice must be maintained regardless of a multitasking func-
tion. For instance, although a user 1s provided with voice call
and music services simultaneously, the quality of voice call
must be maintained.

SUMMARY

Example embodiments may provide an audio processing,
apparatus and method for a mobile device which determines
sound source localizations, corresponding to a voice signal
and an audio signal, to be different from each other, and
thereby may simultaneously provide a voice call service and
a multimedia service without deterioration of voice call qual-
ity.

Example embodiments may also provide an audio process-
ing apparatus and method for amobile device that synthesizes
a voice signal and an audio signal using a head related transfer
function appropriate for a sound source localization, and
thereby may provide a high-quality voice call service.

Example embodiments may also provide an audio process-
ing apparatus and method for a mobile device which controls
a location, distance, or intensity of a sound source according
to an operation of a user, and thereby may improve conve-
nience to the user.

According to example embodiments, an audio processing
apparatus for a mobile device may be provided. The audio
processing apparatus may include a signal providing unit to
provide a voice signal and at least one audio signal distin-
guishable from the voice signal, and a sound source localiza-
tion unit to determine sound source localizations correspond-
ing to the voice signal and the at least one audio signal.

The audio processing apparatus may further include a dis-
tance/intensity adjustment unit to determine at least one of a
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distance from a user to the determined sound source localiza-
tions and an intensity of the voice signal or the at least one
audio signal at the determined sound source localizations, and
a synthesis unit to synthesize the voice signal and the at least
one audio signal 1nto at least one predetermined channel.

According to example embodiments, an audio processing
method for a mobile device may be provided. The audio
processing method may include providing a voice signal and
at least one audio signal distinguishable from the voice signal,
and determiming sound source localizations corresponding to
the voice signal and the at least one audio signal.

Additional aspects, features, and/or advantages of example
embodiments will be set forth 1n part 1n the description which
tollows and, 1n part, will be apparent from the description, or
may be learned by practice of the disclosure.

BRIEF DESCRIPTION OF THE DRAWINGS

These and/or other aspects, features, and advantages of
example embodiments will become apparent and more
readily appreciated from the following description, taken in
conjunction with the accompanying drawings of which:

FIG. 1 1s a conceptual diagram illustrating a mobile device
where an audio processing apparatus may be applied accord-
ing to example embodiments;

FIG. 2 1s a block diagram 1llustrating an audio processing
apparatus according to example embodiments;

FIG. 31s a block diagram 1llustrating an example of a signal
providing unit of FIG. 2;

FIG. 4 1s a diagram 1illustrating head related transier func-
tions depending on sound source localizations;

FIG. 5 1s a diagram 1illustrating sound source localizations
of a voice signal and audio signals according to example
embodiments; and

FIG. 6 1s a flowchart illustrating an audio processing
method according to example embodiments.

DETAILED DESCRIPTION

Retference will now be made 1n detail to example embodi-
ments, which are illustrated in the accompanying drawings,
wherein like reference numerals refer to like elements
throughout. Example embodiments are described below to
explain the present disclosure by referring to the figures.

FIG. 1 1s a conceptual diagram illustrating a mobile device
where an audio processing apparatus 130 may be applied
according to example embodiments.

Referring to FIG. 1, the mobile device according to
example embodiments may include, for example, a voice
signal decoder 110, an audio signal decoder 120, and the
audio processing apparatus 130. An output of the audio pro-
cessing apparatus 130 may be reproduced by a speaker.

The mobile device may include a variety of terminals pro-
viding a voice call function such as a cellular phone, Personal
Digital Assistant (PDA), and the like.

The voice signal decoder 110 may decode a voice signal
generated due to a voice call or a video call of a user.

The mobile device may provide the user with the voice call
or the video call as well as a multimedia service such as
music, video, and broadcasting contents. In this instance, an
audio signal, generated due to the multimedia service such as
music, video, and broadcasting contents, may be processed
by the audio signal decoder 120.

The audio processing apparatus 130 may appropnately
process the voice signal and audio signal, and thereby may
provide the process result to the speaker. Since the user
desires to be provided with the voice call service and the



US 8,542,839 B2

3

multimedia service simultaneously, the audio processing
apparatus 130 should simultaneously process the voice signal
and the audio signal to provide the voice call service without
interruption of the multimedia service. In this instance, the
user may hear the voice signal and the audio signal simulta-
neously.

However, even when the user hears the voice signal and the
audio signal simultaneously, the quality of the voice call
service should be guaranteed. In this instance, the audio pro-
cessing apparatus 130 may determine sound source localiza-
tions of the audio signal and the voice signal appropriately
through a spatial image process, and thereby may provide the
multimedia service while maintaining the quality of the voice
call service. That 1s, the audio processing apparatus 130 may
appropriately determine the sound source localizations of the
audio signal and the voice signal in space.

FI1G. 2 1s a block diagram 1llustrating an audio processing,
apparatus according to example embodiments.

Referring to FIG. 2, the audio processing apparatus may
include, for example, a signal providing unit 210, a sound
source localization unit 220, a distance/intensity adjustment
unit 230, a control information providing unit 240, a synthesis
unit 250, a digital to analog converter 260, and a speaker 270.

The signal providing umit 210 may provide a voice signal
and at least one audio signal. The at least one audio signal 1s
distinguishable from the voice signal, and may include an
audio signal with music, video, broadcasting contents, and
the like. The signal providing unit 210 may output digital
signals.

A sampling rate of the voice signal may generally be less
than a sampling rate of the audio signal. In this instance, the
signal providing unit 210 may adjust the sampling rates of the
voice signal and the audio signal to be identical. For example,
the signal providing unit 210 may perform up-sampling with
respect to the voice signal or perform down-sampling with
respect to the audio signal in order to adjust the sampling rates
of the voice signal and the audio signal to be the same.

In addition, the voice signal may generally be compressed
or restored 1n a time domain. Also, 1t may be efficient to
perform a spatial image process with respect to the voice
signal and the audio signal 1n a frequency domain. In this
instance, the signal providing unit 210 may convert the voice
signal 1n the time domain into the voice signal 1n the fre-
quency domain. In this case, the sound source localization
unit 220 may determine sound source localizations of the
voice signal and the audio signal 1n the frequency domain.

Also, a voice signal decoder and an audio signal decoder,
not illustrated in FI1G. 2, may generally decode at every frame.
In general, since a frame size of the voice signal 1s not 1den-
tical to a frame size of the audio signal, the signal providing,
unit 210 may buffer at least one of the voice signal and the
audio signal, and thereby may adjust the frame size of the
voice signal and the audio signal for the spatial image process.

Also, the sound source localization unit 220 may determine
sound source localizations corresponding to the voice signal
and the audio signal. For example, when a plurality of spatial
channels exists, each of the voice signal and the audio signal
may be mapped 1nto at least one spatial channel. That 1s, the
sound source localizations of the voice signal and the audio
signal may be appropriately separated 1n space. Accordingly,
even when a user simultaneously hears the voice signal and
the audio signal, the voice signal may be distinguished from
the audio signal. Also, when voice call quality 1s required to
be guaranteed, the sound source localization unit 220 may
determine the sound source localizations to enable the user to
recognize the voice signal more readily than the audio signal.
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For example, it may be assumed that the voice signal 1s a
mono signal, and the audio signal 1s a stereo signal. In this
instance, the sound source localization unit 220 may deter-
mine a sound source localization of the voice signal to be
close to a center of the user and a sound source localization of
the audio signal to be close to at least one of a left and a right
side of the user, 1n order to guarantee the quality of the voice
call. In this instance, a sound source localization of a voice
signal, which 1s the mono signal, may be determined to be at
the ledt or the right side of the user.

Also, the sound source localization unit 220 may determine
up to a predetermined number of the sound source localiza-
tions. For example, when 10 available spatial channels exist,
the sound source localization unit 220 may determine four
spatial channels, of the 10 spatial channels, for the voice
signal and the audio signal. Here, directions of the spatial
channels may correspond to the sound source localizations.

The distance/intensity adjustment unit 230 may determine
a distance from the user to the determined sound source
localizations or an intensity of the voice signal or the audio
signal at the determined sound source localizations, to enable
the user to distinguish the voice signal from the audio signal.
In this instance, the distance/intensity adjustment unit 230
may determine the distance or the intensity to enable the user
to recognize the voice signal more readily than the audio
signal. Here, the distance from the user to the determined
sound source localizations may indicate a virtual distance
recognized by the user, as opposed to a physical distance.

For example, 1t may be assumed that a sound source local-
1zation of the voice signal 1s determined to be at 12 o’clock
based on a location of the user, and sound source localizations
of the at least one audio signal are determined to be at 3
o’clock and 9 o’clock based on the user location. In this
instance, the distance/intensity adjustment unit 230 may
adjust the sound source localization of the voice signal to be
closer to the user, or adjust an intensity of the voice signal to
be higher, to enable the user to recognize the voice signal
more readily than the at least one audio signal.

Also, the sound source localizations, the distance from the
user to the sound source localizations, and the intensity of the
voice signal or the audio signal each may be adjusted by an
operation of the user. That 1s, the user may change the sound
source localizations, the distance from the user to the sound
source localizations, and the intensity of the voice signal or
the audio signal through a variety of operations, while being
provided with a voice call service and a multimedia service.
In this instance, the control information providing unit 240
may provide control information, corresponding to the opera-
tion of the user, to the sound source localization unit 220 or
the distance/intensity adjustment unit 230 1n response to the
operation of the user.

The synthesis unit 250 may synthesize the voice signal and
the audio signal at the determined virtual sound source local-
1zations to at least one channel.

For example, it may be assumed that the speaker 270 uses
two channels, and that four sound source localizations of the
voice signal and the audio signal exist. In this instance, the
synthesis unit 250 may synthesize the voice signal and the
audio signal, while each of the voice signal and the audio
signal maintains a spatial direction. Also, the synthesis unit
250 may generate four pieces of binaural sound transmaitted
through the two channels. That 1s, although the user physi-
cally hears the binaural sounds transmitted through the two
channels, the user may perceirve the voice signal and the audio
signal to come through four spatial channels.

Here, 1t may be assumed that the user 1s capable of recog-
nizing a direction of sound through only two ears 1n a binaural
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sound system. Specifically, the binaural sound system may
generate a binaural sound using head related transier func-
tions, corresponding to sound source localizations, to enable
the user to recognize the sound source localizations based on
sound that the user hears through two ears 1n space.

Also, the head related transfer functions may vary depend-
ing on the sound source localizations. In this 1nstance, the
head related transter functions, corresponding to the sound
source localizations, may be measured 1n advance through
simulation experiments. The synthesis unit 250 may appro-
priately select the head related transfer functions correspond-
ing to the sound source localizations using a database storing
the measured head related transfer functions.

The audio processing apparatus may generate the binaural
sounds using the head related transter functions, and thereby
may enable the user to determine the sound source localiza-
tions appropriately and distinguish the voice signal from the
audio signal. Accordingly, the voice call service and the mul-
timedia service may be simultaneously and efliciently pro-
vided to the user, and the quality of the voice call service may
be guaranteed.

Also, the digital to analog converter 260 may convert the
generated binaural sounds corresponding to the sound source
localizations 1nto an analog signal. The converted analog
signal may be reproduced through the speaker 270.

However, when the binaural sounds are reproduced
through the speaker 270 as opposed to a headphone or an
carphone, crosstalk may occur. Technologies to remove
crosstalk may be additionally applied.

FIG. 3 1s a block diagram 1llustrating an example of the
signal providing unit 210 of FIG. 2.

Referring to FIG. 3, the signal providing unit 210 may
include, for example, a voice signal decoder 310, an audio
signal decoder 320, a buifer 330, a time/frequency conversion
unit 340, a frame adjustment unit 350, and a rate adjustment
unit 360.

The voice signal decoder 310 may provide a decoded voice
signal and the audio signal decoder 320 may provide a
decoded audio signal. In this instance, the voice signal
decoder 310 and the audio signal decoder 320 may decode at
every frame.

The buffer 330 may buffer the voice signal to adjust a frame
s1ze of the voice signal to a frame size of the audio signal,
since 1t may be etlicient that a frame size for a spatial image
process 1s fixed. However, the frame size of the audio signal
may be adjusted to the frame size of the voice signal.

The time/frequency conversion unit 340 may convert a
voice signal 1 a time domain into a voice signal 1n a Ire-
quency domain. In general, the voice signal decoder 310 may
decode 1n the time domain, whereas the audio signal decoder
320 may decode 1n the frequency domain. Accordingly, the
time/frequency conversion unit 340 may generate the voice
signal 1in the frequency signal to efficiently perform the spatial
1mage process.

The frame adjustment unit 350 may control the butfer 330
and the time/frequency conversion unit 340 to adjust the
frame size of the voice signal to the frame size of the audio
signal.

The rate adjustment unit 360 may control the buffer 330
and the time/frequency conversion unit 340 to adjust sam-
pling rates of the voice signal and the audio signal to be
identical. In general, each of the sampling rates of the voice
signal 1s less than the sampling rate of the audio signal. The
sampling rates of the voice signal and the audio signal may be
identical by up-sampling the voice signal.

FI1G. 4 1s a diagram illustrating head related transter func-
tions depending on sound source localizations.
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Retferring to FIG. 4, 1t may be ascertained that a virtual
space 1s formed based on a user. A plurality of sound source
localizations A, B, C, D, and E exist in the virtual space.
Sound source localization A 1s located 1n front of the user.
Sound source localizations D and E are located on a right side
ofthe user, and sound source localizations B and C are located
on a left side of the user.

The user hears binaural sound through two ears and may
recognize sound source localizations based on the binaural
sound. In this instance, the binaural sound may be generated
using head related transier functions corresponding to the
sound source localizations. For example, the user may recog-
nize that sound 1s generated at the sound source localization D
by hearing binaural sound S, generated using a head related
transter function H,, corresponding to the sound source local-

ization D through the two ears of the user.

Head related transfer functions applied to an audio pro-
cessing apparatus according to example embodiments may
vary depending on sound source localizations. The head
related transfer functions may mainly include an Inter-aural
Intensity Difference (11D) and an Inter-aural Time Difference
(ITD). IID may be a difference 1n levels between sound heard
in each of two ears of the user, and ITD may be a time
difference between sounds heard 1n each of the two ears of the
user. In this instance, a head related transfer function corre-
sponding to each of the sound source localizations may be
obtained using 11D and I'TD previously stored with respect to
cach frequency band.

The audio processing apparatus may previously store the
head related transier functions corresponding to each of the
sound source localizations in a database, select the head
related transfer functions, and thereby may generate the bin-
aural sounds.

FIG. 5 1s a diagram 1illustrating sound source localizations
of a voice signal and audio signals according to example
embodiments.

Referring to FIG. 5, it may be ascertained that the voice
signal 1s located in front of a user, that 1s, at a sound source
localization A, and the audio signals are located on a lett side
of the user, that 1s, at a sound source localization B, and on a
right side of the user, at a sound source localization C.

It may be assumed that a head related transter function H
corresponding to the sound source localization A 1s applied to
the voice signal, and a head related transfer function H,
corresponding to the sound source localization B and a head
related transfer function H, corresponding to the sound
source localization C are applied to the audio signals. Also, it
may be assumed that binaural sounds S ,, S5, and S are
generated. In this instance, the user may distinguish the sound
source localization A of the voice signal from the sound
source localizations B and C of the audio signals using the
binaural sounds S ,, Sz, and S-.

FIG. 6 1s a flowchart illustrating an audio processing
method according to example embodiments.

Referring to FIG. 6, 1n operation S610, the audio process-
ing method may receive a voice signal and at least one audio
signal distinguishable from the voice signal.

In operation S620, the audio processing method may adjust
a frame si1ze of the voice signal and a frame size of the audio
signal to be the same to efficiently perform spatial image
processing.

In operation S630, the audio processing method may per-
form up-sampling or down-sampling with respect to at least
one of the voice signal and the audio signal, and thereby may
adjust sampling rates of the voice signal and the audio signal
to be 1dentical.
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In operation S640, the audio processing method may deter-
mine sound source localizations corresponding to the voice
signal and the at least one audio signal.

In operation S650, the audio processing method may deter-
mine at least one of a distance from a user to the determined
sound source localizations and an 1ntensity of the voice sig-
nal, or the at least one audio signal, at the determined sound
source localizations.

In operation S660, the audio processing method may syn-
thesize the voice signal and the at least one audio signal 1nto
at least one predetermined channel.

In operation S670, the audio processing method may out-
put a signal, generated by synthesizing, through a speaker,
headphone, or earphone.

The audio processing method according to the above-de-
scribed example embodiments may be recorded as computer
readable code/instructions 1n/on a computer-readable media
including program instructions to implement various opera-
tions embodied by a computer. The media may also include,
alone or 1n combination with the program 1nstructions, data
files, data structures, and the like. Examples of computer-
readable media include magnetic media such as hard disks,
floppy disks, and magnetic tape; optical media such as CD
ROM disks and DVDs; magneto-optical media such as opti-
cal disks; and hardware devices that are specially configured
to store and perform program instructions, such as read-only
memory (ROM), random access memory (RAM), tlash
memory, and the like. Examples of program instructions
include both machine code, such as produced by a compiler,
and files containing higher level code that may be executed by
the computer using an interpreter. The described hardware
devices may be configured to act as one or more solftware
modules 1n order to perform the operations of the above-
described example embodiments, or vice versa.

Although a few example embodiments have been shown
and described, the present disclosure 1s not limited to the
described example embodiments. Instead, it would be appre-
ciated by those skilled in the art that changes may be made to
these example embodiments without departing from the prin-
ciples and spinit of the disclosure, the scope of which 1s
defined by the claims and their equivalents.

What 1s claimed 1s:

1. An audio processing apparatus for a mobile device, the
audio processing apparatus comprising:

a signal providing unit to provide a voice signal and at least
one audio signal distinguishable from the voice signal,
wherein the voice signal 1s a monaural signal and the at
least one audio signal 1s a stereo signal and wherein the
signal providing unit comprises a frame adjustment unit
to adjust a frame size of the voice signal and the at least
one audio signal to be substantially 1identical; and

a sound source localization unit to determine sound source
localizations corresponding to the voice signal and the at
least one audio signal.

2. The audio processing apparatus of claim 1, further com-

prising;:

a synthesis unit to synthesize the voice signal and the at
least one audio signal into at least one predetermined
channel.

3. The audio processing apparatus of claim 2, wherein the
synthesis unit synthesizes the voice signal and the at least one
audio signal and generates a binaural sound to enable the
sound source localizations to be recognized by a user.

4. The audio processing apparatus of claim 2, wherein the
synthesis unit synthesizes the voice signal and the at least one
audio signal using head related transfer functions correspond-
ing to the determined sound source localizations.
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5. The audio processing apparatus of claim 4, wherein the
head related transter functions are selected from a plurality of
functions previously stored according to the determined
sound source localizations.

6. The audio processing apparatus of claim 1, wherein the
sound source localization umt determines up to a predeter-
mined number of the sound source localizations.

7. The audio processing apparatus of claim 1, wherein the
sound source localization unit determines the sound source

localizations to enable a user to recognize the voice signal
more readily than the at least one audio signal.

8. The audio processing apparatus of claim 1, wherein the
sound source localization unit determines a sound source
localization corresponding to the voice signal to be closer to
a center of a user than a sound source localization correspond-
ing to the at least one audio signal.

9. The audio processing apparatus of claim 1, further com-
prising:

a distance/intensity adjustment unit to determine at least
one of a distance from a user to the determined sound
source localizations and an intensity of the voice signal
or the at least one audio signal at the determined sound
source localizations.

10. The audio processing apparatus of claim 9, wherein the
distance/intensity adjustment unit determines the distance
from the user to the determined sound source localizations, or
determines the intensity of the voice signal or the at least one
audio signal at the determined sound source localizations, to
enable the user to recognize the voice signal more readily than
the at least one audio signal.

11. The audio processing apparatus of claim 9, further
comprising;

a control information providing unit to provide control

information according to an operation of the user,

wherein the distance/intensity adjustment unit determines
at least one of the distance from the user to the deter-
mined sound source localizations, and the itensity of
the voice signal or the at least one audio signal at the
determined sound source localizations, based on the
control information.

12. The audio processing apparatus of claim 1, further
comprising:

a control mformation providing unit to provide control

information,

wherein the sound source localization unit determines the
sound source localizations based on the provided control
information.

13. The audio processing apparatus of claim 12, wherein
the control information providing unit provides the control
information according to an operation of the user.

14. An audio processing apparatus for a mobile device, the
audio processing apparatus comprising;:

a signal providing unit to provide a voice signal and at least
one audio signal distinguishable from the voice signal,
wherein the voice signal 1s a monaural signal and the at
least one audio signal 1s a stereo signal and wherein the
signal providing unit further comprises:

a frame adjustment unit to adjust a frame size of the
voice signal and the at least one audio signal to be
substantially identical; and

a rate adjustment unit to adjust the voice signal and the at
least one audio signal to have a substantially identical
sampling rate; and

a sound source localization unit to determine sound source
localizations corresponding to the voice signal and the at
least one audio signal.
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15. The audio processing apparatus of claim 1, wherein the
signal providing unit comprises a time/Irequency conversion
unit to convert the voice signal 1n a time domain into the voice
signal 1n a frequency domain.

16. An audio processing method for a mobile device, the
audio processing method comprising;:

providing a voice signal and at least one audio signal dis-

tinguishable from the voice signal, wherein the voice
signal 1s a monaural signal and the at least one audio
signal 1s a stereo signal
adjusting a frame size of the voice signal and the at least
one audio signal to be substantially identical; and

determining sound source localizations corresponding to
the voice signal and the at least one audio signal using
the mobile device.

17. The audio processing method of claim 16, further com-
prising:

synthesizing the voice signal and the at least one audio

signal into at least one predetermined channel.

18. The audio processing method of claim 16, further com-
prising:

determining at least one of a distance from a user to the

determined sound source localizations, and an intensity
of the voice signal or the at least one audio signal at the
determined sound source localizations at the determined
sound source localizations.
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19. A computer-readable recording medium storing com-
puter readable code including a program for implementing an
audio processing method for a mobile device, the audio pro-
cessing method comprising:

providing a voice signal and at least one audio signal dis-

tinguishable from the voice signal, wherein the voice
signal 1s a monaural signal and the at least one audio
signal 1s a stereo signal;

adjusting a frame size of the voice signal and the at least

one audio signal to be substantially identical; and
determining sound source localizations corresponding to
the voice signal and the at least one audio signal.

20. The audio processing apparatus of claim 1, wherein the
sound source localization unit determines a sound source
localization of the voice signal to be close to a center of the
user and a sound source local localization of a left channel of
the audio signal to be close to a left of the user and a sound
source local localization of a right channel of the audio signal

>0 to be close to a nght of the user.

21. The audio processing apparatus of claim 1, wherein the

signal providing unit further comprises a rate adjustment unit
to adjust a sampling rate of at least one of the voice signal and
the at least one audio signal.

¥ ¥ # ¥ ¥
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Signed and Sealed this
Eighteenth Day of February, 2014

TDecbatle X oo

Michelle K. Lee
Deputy Director of the United States Patent and Trademark Olffice



	Front Page
	Drawings
	Specification
	Claims
	Corrections/Annotated Pages

